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ABSTRACT 

Solar Turbines Incorporated i s  conducting a DOE-sponsored program t o  develop 
coa l - f i r ed  cogeneration gas turb ines.  
combustion o f  coal i n  both d r y  pu lver ized form, as wel l  as a coal-water 
s l u r r y ,  using a r ich- lean,  two-stage slagging combustor (TSSC). 
condit ions, H2S i s  formed i n  the atmosphere surrounding burning p a r t i c l e s ,  
and may p e r s i s t  i n  the  r i c h  zone, bu t  the dominant s u l f u r  species i n  t h e  
exhaust gas o f  t he  lean secondary zone i s  S02. A s u l f u r  d i s t r i b u t i o n  
based on TSSC combustion o f  eastern Kentucky bituminous coal showed t h a t  up 
t o  90% o f  the s u l f u r  was converted t o  oxides wh i l e  the remainder combined 
l a r g e l y  w i th  t h e  ash. 
over 50% o f  t he  a l k a l i s  introduced w i t h  t h i s  coal have been reta ined w i t h  
t h e  s lag i n  the  primary combustion zone. 

INTRODUCTION 

Sul fur  i s  one o f  the key elements i n  coal f u e l  spec i f i ca t i ons  which requi res 
p a r t i c u l a r  a t ten t i on .  
and/or deposi t ion o f  co r ros i ve  su l fa tes  on blades are major problems i n  the 
development o f  c o a l - f i r e d  gas turb ines.  Substant ia l  s u l f u r  removal w i l l  be 
needed i n  order t o  meet environmental standards and t o  reduce the  i n t e r a c t i o n  
between s u l f u r  and a l k a l i  compounds. Several processes e x i s t  so t h a t  clean-up 
o f  s u l f u r  i s  feas ib le ,  bu t  they are expensive. 
cont inue t o  force greater  usage o f  min imal ly  cleaned coal (i.e., coal w i t h  
h igh ash and/or s u l f u r  content).  
du r ing  coal combustion and i t s  impact on gas tu rb ines  w i l l  b e n e f i t  Control 
o f  s u l f u r  emissions and corros ion.  
two-stage s lagging coal combustion and discusses i t s  impact on c o a l - f i r e d  
gas turb ines . 

Solar 's  approach emphasizes the d i r e c t  

Under TSSC 

The s tud ies  made t o  date have a l so  i nd i ca ted  t h a t  

Emissions o f  s u l f u r  oxides as wel l  as the condensation 

Economic considerat ions w i l l  

An understanding o f  the r o l e  o f  Su l fu r  

This paper reviews the r o l e  o f  s u l f u r  i n  

EXPERIMENTAL 

Combustion t e s t s  were performed us ing a two-stage slagging combustor show i n  
Figure 1. The f o l l o w i n g  t e s t  procedure has been used f o r  a l l  combustor t e s t s  
conducted i n  t h i s  study. The combustor was s ta r ted  using #2 d iese l  t o  l i g h t  
o f f  and es tab l i sh  the des i red t e s t  condi t ions.  When t h e  wa l l  temperatures 
were s tab i l i zed ,  a gen t le  t r a n s i t i o n  t o  t h e  coal-water mix ture was accomplished 
by tu rn ing  on t h e  coal  f u e l  and t u r n i n g  o f f  t he  d iese l  u n t i l  t he  combustor 
was operat ing on coal-water m ix tu re  only. 

I n  Solar 's two-stage s lagging combustor, t he  coal f u e l  i s  i n j e c t e d  v ia  a 
se r ies  o f  angled i n j e c t o r s  w i t h  a i r  i n t o  the  primary zone where the  f u e l - r i c h  
coal combustion takes place r a p i d l y .  
primary c e n t e r l i n e  and i s  then const ra ined by the impact dome and the r e f r a c -  
t o r y - l i n e d  wa l l s  t o  reverse and e x i t  between the incoming flows. A s t rong 
t o r o i d a l  vor tex i s  formed surrounding t h e  main j e t  and t h i s  ac ts  p r i m a r i l y  

. The reac t i ng  j e t  f l o w  impinges on the 
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as a p a r t i c l e  r e t a i n i n g  system. P a r t i c l e s  smal ler  than some c r i t i c a l  s i z e  
f o l l o w  the  f l ow  streamlines and escape. Other p a r t i c l e s ,  which a re  l a r g e r  
than some upper l i m i t ,  a re deposited and form s lag on the dome and wal ls .  
The molten s lag  i s  t hen  co l l ec ted  i n  a s lag p i t .  

The exhaust raw gases from t h e  primary zone which are r e l a t i v e l y  f ree  o f  
p a r t i c l e s  pass i n t o  t h e  secondary zone where remaining, unburned chars are 
then mixed w i t h  secondary a i r  where combustion i s  completed t o  form des i rab le  
combustion products. The hot gas l eav ing  the combustor enters  a separator 
t o  separate p a r t i c u l a t e  f l y  ash. Reaction temperature a t  the primary zone i s  
above 2700'F w i t h  estimated temperature i n  secondary zone o f  1600 t o  18OOOF. 

Two coal-water f u e l s  were formulated w i t h  h igh v o l a t i l e  bituminous, eastern 
Kentucky coals (Kentucky #5 and Elkhorn #2 mines) from AMAX Ex t rac t i ve  R & D. 
Fuels were obtained i n  the  form o f  aqueous s l u r r i e s  and prepared by phys ica l  
bene f i c ia t i on .  
re fus ing  s inks and c o l l e c t i n g  clean coal f l o a t s .  The f l o a t  coals  t y p i c a l l y  
contained less  than 3.9% ash and had c a l o r i f i c  heating-values above 14,400 
Btu/ lb  on a d r y  basis. 
prepared by g r i n d i n g  the  dense-medium f l o a t  coal f u r t h e r  i n  a b a l l  m i l l  t o  
achieve a des i red  p a r t i c l e  s ize.  
w i t h  1.2 t o  1.4% of  d ispersant .  

Coals were cleaned i n  a s t a t i c - b a t h  dense-medium separator f o r  

Stable, pumpable s l u r r i e s  o f  coal and water were 

A l i s t  o f  f u e l  p roper t i es  appears i n  Table 1. 
The f inish-ground s l u r r y  was blended t o  

TABLE 1 

Coal-Water S l u r r y  Fuel Charac te r i s t i cs  

CUM Batch 
Coal Content o f  Fuel ( w t % )  
Ash Content o f  Fuel ( s t % )  
Coal P a r t i c l e  Top Size (micron) 
Gross Heating Value (Bu t / l b )  
V i scos i t y  o f  Fuel 6' 100 sec-l  (Cp) 
Mean Size, micrometers 
Dispersant (wt%) 

Promimate Analys is  o f  Coal (wt%) 
Ash 
Vol a t  i 1 es 
Fixed Carbon 

U l t ima te  Analys is  o f  Coal (wt%) 
Carbon 
Oxygen (by d i f f e rence )  
Hydrogen 
Ni t rogen 
Su l fu r  

Forms o f  S u l f u r  (Dry Coal Basis) 
Total S u l f u r  (wt%) 
Su l fa te  
Py ri t i c  
Organic 

A 
59.98 

1.85 
44 

14,518 
400 ---_ 

1.2 

3.08 

58.43 
38.49 

84 .OO 
7.81 
5.63 
1.64 
0.92 

0.92 
0.05 
0.06 
0.81 

C 
5-411 

2.1 
100 

14,397 
300 

14.1 
1.4 

3.88 
36.10 
60.02 

77.14 
14.34 

5.80 
1 .82 
0.90 

0.90 
0.04 
0.01 
0.85 
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Sulfur content i n  a l l  t h ree  CWM Fuels are approximately 1 w t %  on a dry  coal ,  
ash f ree  basis. Physical c leaning removed most o f  the inorganic  su l fu r ,  but  
l e f t  behind organic s u l f u r .  
f u r the r  i nd i ca ted  t h a t  on ly  t race  amounts o f  su l fa te  (0.05 wt%) and 
p y r i t i c  su l fu r  (0.01-0.06%) remained i n  the sample, t he  ma jo r i t y  was organic 
s u l f u r  (0.80%). The ash contents i n  the samples range from 1.9 t o  2.1 
wt% on a fue l  basis. The ash composition analys is  (Table 2) ind icates the  
a c i d i c  mineral proper t ies i n  the coal fuels. The base-to-acid r a t i o  i s  0.28 
f o r  A and 0.18 f o r  C, respect ive ly .  
a c i d i c  const i tuents  i n  the ash can be used as a means o f  p red ic t i ng  the ash 
fus ion temperatures and the  s lag proper t ies.  

A de ta i l ed  analys is  o f  s u l f u r  forms (Table 1 )  

The r e l a t i v e  amount of the basic and 

TABLE 2 

Ash Slagging Proper t ies 

CWM Batch A C 

Ash Composition 

Ash Fusion Temperatures ( O F )  

Oxidi zingIReducing 

I n i t i a l  Deformation 
Softening 
Hemi spher ica l  
F l u i d  

43.40 
27.80 
14.10 
3.33 

0.816 
1.37 

0.723 
2.10 

0.066 
0.406 
0.078 
0.072 

53.0 
28.1 
11.6 
1.86 
0.61 
0.91 
1.03 
2.07 

0.065 
0.314 

0.06 
0.04 

237 51 2308 267 01 2460 

+27 00/ 2565 +2740/2650 
270012543 +2700/2605 

+2700/2698 +2700/2700 

BaseIAcid Rat io  0.28 0.18 

S i l i c a  R a t i o  79.6 70.4 

Viscos i ty  From Equivalent 169 575 
S i l i c a  @ 260OoF (poise)  

T250 Temperature (OF) 2527 2790 

Fouling Index 0.38 0.18 

S1 aggi ng Index 0.26 0.1 7 
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RESULTS AND DISCUSSION 

The Fate o f  S u l f u r  i n  Slagging Coal Combustion 

Upon i n j e c t i n g  a coal-water s l u r r y  i n t o  the  primary zone, the coal s l u r r i e s  
are atomized and undergo a rap id devo la t i za t i on  fo l lowed by a burnout o f  the 
char (Refs. 1.2). Figure 2 i l l u s t r a t e s  a s i m p l i f i e d  scheme involved i n  the 
combustion o f  a coal p a r t i c l e .  The v o l a t i l e  organic and inorganic  s u l f u r  
species are vaporized from the burn ing coal  p a r t i c l e s  and are t ranspor ted t o  
the surface by molecular d i f f u s i o n .  The reducing atmosphere surrounding a 
burn ing p a r t i c l e  al lows the reduct ion t o  take place on v o l a t i l e  species, but 
as soon as the vapors d i f f u s e  away from the  burning p a r t i c l e ,  t he  ox id i z ing  
nature o f  the b u l k  gas stream would ox id i ze  s u l f u r  species t o  t h e i r  highest 
ox idat ion s tate.  The r a t e  o f  s u l f u r  release from coal i s  very f a s t  from both 
s u l f u r  bound i n  the organic ma t r i x  and s u l f u r  i n  d i s c r e t e  minerals even under 
the l oca l  reducing condi t ions.  Recent thermal analys is  (Ref. 3) ind icated 
tha t  c a t a l y s i s  or accelerat ion o f  coal combustion occurs by i t s  p y r i t e  
impur i t i es  due t o  the  f a c t  t h a t  FeS2 promotes se l f -hea t ing  and spontaneous 
combustion o f  coal .  

Under r i c h  zone reducing condi t ions,  p y r i t i c  s u l f u r  ( p y r i t e  o r  marcasite, 
FeS2) decomposes t o  s u l f u r  ( 5  ), hydrogen s u l f i d e  (H2S). and carbonyl s u l f i d e  
(COS) (Ref. 4). Elemental s u f f u r  i s  given o f f  a t  475Y (887'F) from i r o n  
d i s u l f i d e  ( p y r i t i c  s u l f u r )  w i t h  accompanying reduct ion t o  FeS (Ref. 5 ) :  

FeS2 - FeS + 1/2 S2 <1> 

The r a t e  o f  t h i s  reac t i on  becomes la rge  above 1000°F. 
decomposition o f  carbon-hydrogen bonds i n  coal w i l l  occur a t  r e l a t i v e l y  low 
temperatures and y i e l d  hydrogen f o r  reduct ion o f  FeS2. Mineral mat ter  such 
as s i l i c a t e s  o r  basic minera ls  i n  coal may cata lyze the reduct ion o f  FeS2 
(Ref. 6 ) .  

I n  addi t ion,  the 

FeS2 + H2 -+ FeS + H2S <2> 

and 

FeS + H2 -Fe + H2S <3> 

Reaction <2> becomes important above 93OOF bu t  reac t i on  <3> i s  slow even a t  
147OOF (Ref. 7). 
according to :  

The combustion product such as CO can a lso reac t  w i t h  FeSp 

FeS2 + CO - FeS t COS < 4> 

but the reac t i on  i s  slow below 147OOF (Ref. 7). 

The r i c h  zone d e v o l a t i l i z a t i o n  o f  organic s u l f u r  i s  no t  well  documented, 
however. i t  i s  be l ieved t h a t  hydrogen s u l f i d e  (H2S) i s  t he  p r i n c i p a l  product, 
accounting for  t y p i c a l l y  90% of  t h e  evolved s u l f u r ,  w i t h  con t r i bu t i ons  of COS, 
CS2, and S2 (Ref. 4). However, these species w i l l  t u r n  t o  h igher  ox id ized 
states, Sox, as they are exposed t o  the  primary a i r  stream. 
resent t h e  dominant o rgan ic -su l fu r  i n  the coal. Thiophene i t s e l f  i s  s tab le 

Thiophenes rep- 
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up t o  840°F and dibenzothiophene i s  s tab le  t o  a t  l e a s t  1020'F (Ref. 7 ) .  
Reduction o f  thiophene proceeds according to :  

and dibenzothiophene reacts  according to :  

Su l fu r  release dur ing coal d e v o l a t i l i z a t i o n  can be i n h i b i t e d  by inherent  
capture by coal -bound mineral matter, p a r t i c u l a r l y  calcium oxides and sodium 
oxides (Refs. 4.8): 

CaO + H2S - CaS + H20 < 7> 

I n  f u e l  lean flames and o x i d i z i n g  atmospheres, over 90% o f  the s u l f u r  i s  
converted t o  SO2 wh i l e  the  remaining several percent e x i s t  as SO3 (Ref. 4). 
Hydrogen s u l f i d e  (H2S) which i s  o r i g i n a l l y  released from p y r i t i c  and organic 
s u l f u r  i n  the primary zone i s  r a p i d l y  converted t o  SO2 i n  the l ean  secondary 
v i a  the sequence (Ref. 9) :  

HpS - HS -+SO -+ SO2 <8> 

The capture of  s u l f u r  d iox ide  w i t h  the calcium-based coal minerals could a l so  
occur as 

CaO + SO2 + 1/2 02 -+Cas04 < 9> 

but, calcium s u l f a t e  i s  s tab le  on l y  a t  temperatures below 2200'F (Ref. 10). 

Tota l  s u l f u r  conversion t o  the  oxide i s  genera l l y  h igh  i n  pu lver ized coal  
combustion, t h e  remainder l a r g e l y  combining w i t h  the ash. Table 3 compares 
major compositions between a piece o f  s lag  reta ined i n  the s lag  p i t  of primary 
zone and ash p a r t i c u l a t e s  c o l l e c t e d  from the  exhaust gas. A s i g n i f i c a n t  
amount o f  s u l f u r  associated w i t h  ash p a r t i c u l a t e s  was observed, compared t o  
a t race  reta ined i n  the slag. 
based on TSSC combustion t e s t s  of eastern Kentucky bituminous coal i s  shown, 
i n  Table 4 which up t o  91% o f  s u l f u r  was converted t o  oxides. 

A s u l f u r  d i s t r i b u t i o n  i n  coal combustion 
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TABLE 3 

Composition Analysis ( a )  

Composition, wt.% I S1 ag Ash (b)  
(Primary Zone) Par t icu la tes 

43.7 
32.6 
2.04 
11.6 
1.72 
0.70 
0.22 
1.07 
0.75 
0.12 
0.08 
0.02 
0.10 
0.09 
0.03 
0.05 
0.07 

44.4 
22.6 
2.16 
9.34 
1.25 
0.56 
0.1 2 
1.04 
1.18 
0.39 
0.39 
0.08 
0.09 
0.45 
2.90 
0.06 
11.3 

(a)  Using batch ' C '  CWM as feed 
(b)  Carbon-free bas is  

TABLE 4 

Su l fu r  D i s t r i b u t i o n  i n  Coal Combustion (a) 

Su l fu r  Out 

S Adsorbed as 
Total Su l fu r  Sul fa tes i n  Ash (b)  

i n  Fuel Pa r t i cu la tes  S Retained i n  Slag S Exhausted as SO# 

0.63 l b  S/106 Btu 0.06 - 0.23 0.001 0.40 - 0.57 

100% 9.2 - 36.8% 0.2% 63.0 - 90.6% 

(a) Based on an Eastern Kentucky coal having 0.92% w t .  S dry coal bas is  
and 8708 B t u / l b  CWM where CWM has 60% w t .  coal loading (Batch A feed) 

(b) Slag based on an average 70% w t .  o f  s lag retent ion.  

The Effect of S u l f u r  on Corrosion and Deposit ion 

I n  combustion, sodium and potassium are l i k e l y  t o  be released from coal as 
the  most v o l a t i l e  species, i.e. ch lo r i de  or hydroxide. However, i n  a combus- 
t i o n  environment a t  temperatures below about 18OOOF. a s i g n i f i c a n t  propor t ion 
of  the vapor a l k a l i  w i l l  be converted t o  condensed phase s u l f a t e  (Ref. 11). 

<1 o> 2 NaCl(g) + H20(g) t SOZ(g) + 1/2 02(g) t N a z S O q ( c )  + 2HCl(g) 
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The estimated residence t ime requi red f o r  evaporation o f  sodium ch lo r i de  and 
i t s  conversion t o  s u l f a t e  i s  about 2 sec. (Ref. 12). 
of temperature, pressure, and gas composition, t h e  s u l f a t e  could condense 
Onto entrained p a r t i c u l a t e s  o r  nucleate t o  form an aerosol. 

Corrosion could be i n i t i a t e d  when the  a l k a l i  su l fa tes  condense on the  metal 
due t o  the temperature drop through the  t u r b i n e  and due t o  the contact  w i t h  
the cooled t u r b i n e  blades r e s u l t i n g  i n  an increase i n  a l k a l i  s u l f a t e  f l u x  t o  
at tack the p ro tec t i ve  oxide (Ref. 13). 

Depending on condi t ions 

Na2S04(1) + Al203(s) + 3S02(g) + 3/2 02(g) + 2 NaAl (SO4)z <11> 

The p ro tec t i ve  oxide scale (e.9. Al2O3) i s  destroyed and the  subsequent 
reformation i s  i n h i b i t e d .  

Corrosion may a l so  occur through an increase i n  the a c i d i c  component (SO3) t o  
react  w i t h  p ro tec t i ve  A1203 scale on s tee l  wi thout  t he  presence o f  a l k a l i  
(Ref. 13). 

3So3(9) + AleOj(s) + A12(S04)3(s) <12> 

Increased t ranspor t  o f  S through the  oxide scale w i l l  occur and s u l f a t e  phase 
w i l l  be formed below the A1203 scale. 

The actual mechanism o f  corros ion i n  c o a l - f i r e d  gas turb ines i s  not  completely 
understood. A1 k a l i  s u l f a t e  vapor released du r ing  combustion could p a r t i a l l y  
be adsorbed by t h e  a luminosi l icates,  inherent  coal minerals, which are e f f i c i e n t  
"ge t te rs "  f o r  a l k a l i  metal s u l f a t e s  (Refs. 11, 14). 

K2S04(g) + A1203.6Si02(s) - K20.A1203.6Si02(s) + SOz(9) + 1/202(g) 

The slag removal f ea tu re  o f  a s lagging combustor can a lso g rea t l y  reduce the. 
impact o f  coal co r ros i ve  mater ia ls .  Over 50% o f  the a l k a l i  introduced i n  
coal feed can be expected t o  be removed as s lag i n  the  primary combustion 
zone (Table 5). 
p a r t i c u l a r l y  i n  the  hot end zone could f u r t h e r  reduce a l k a l i  metal vaporiza- 
t i o n .  
operating features o f  t he  slagging combustor may g r e a t l y  reduce the  corros ion 
seve r i t y  po ten t i  a1 o f  coal . 
The formation mechanism o f  deposited mat ter  on t u r b i n e  blades or vanes i s  
be l ieved t o  s t a r t  w i t h  m l t e n  ash o r  f l y  s lag  s t i c k i n g  t o  the  metal surface. 
Chemical analyses o f  the exhaust deposi t  and the  s lag (Table 6) i nd i ca ted  
t h a t  the deposited mat ter  has almost i d e n t i c a l  chamical compositions as the 
s lag co l l ec ted  i n  t h e  s lag p i t .  
s u l f u r  o r  water-soluble a l k a l i  s u l f a t e  sa l t s .  Pet rographica l ly ,  t he  two 
mater ia ls  were s i m i l a r  except t h a t  t he  exhaust deposi t  contained gas bubbles. 
X-ray d i f f r a c t i o n n  and e l e c t r o n  microprobe s tud ies showed t h a t  t he  two samples 
consisted b a s i c a l l y  o f  a g lass phase conta in ing bladed m u l l i t e .  A s p i n e l - l i k e  
phase was seen i n  t h e  deposi t  ma te r ia l .  The m u l l i t e  and sp ine l  bo th  probably 
c r y s t a l l i z e d  dur ing s o l i d i f i c a t i o n  o f  t he  mel t .  
recen t l y  t h a t  a l k a l i s  may never escape from the coal a lum inos i l i ca te  coordina- 
t i o n  environment (Ref. 4). Based on the decomposition mechanisms o f  coal 
a l k a l i  minerals ( I l l i t e )  as i l l u s t r a t e d  i n  F igure 3, sur face mois ture and 
mineral water are desorbed a t  approximately 3DOOF (15DOC). dehydration 

<13> 

The shor t  residence t imes i n  gas tu rb ine  combustor, and 

Thus, a precombustion c leaning o f  coal i n  conjunct ion w i t h  unique 

Neither contained any s i g n i f i c a n t  amount of 

It has been speculated 

389 



takes place between 890-1100OF a t  which temperature two water molecules are 
s p l i t  o f f  from the  fou r  hydroxide un i t s ,  and somewhere between 1560-1832OF 
decomposition o f  t he  anhydride take p lace t o  form spine l  (A12FeMgl.506) and 
glass (K1.5Si6.5A11.506). However, a t  h igher  temperatures ( 30OO0F), such 
as slagging cond i t i ons ,  t he  sp ine l  can red isso lve i n t o  the  melt,  and g lass 
phases (e.g. m u l l i t e  and c r i s t o b a l i t e )  may be reformed wh i l e  gaseous a l k a l i  
species can be released. 

CONCLUSIONS 

The s u l f u r  content o f  the coal introduced i n t o  t h e  gas t u r b i n e  combustion 
system d i c t a t e s  t h e  degree t o  which s u l f u r  capture compounds o r  hot-gas 
cleanup must be u t i l i z e d .  The coal d e s u l f u r i z a t i o n  t o  a l eve l  acceptable 
f o r  emissions and co r ros ion  c o n t r o l  i s  a key issue i n  the developmeilt o f  d i r e c t  
coa l - f i r ed  gas tu rb ines .  Uncontrol led s u l f u r  emissions i s  a d i r e c t  f unc t i on  
o f  the s u l f u r  l e v e l  i n  t h e  coal and w i l l  exceed cu r ren t  NSPS l eve l s .  Su l fu r  
compounds i n  the combustor exhaust a l so  have the  po ten t i a l  t o  cause deposi t ion 
and co r ros ion  on t u r b i n e  blades. The a v a i l a b i l i t y  o f  n a t u r a l l y  occu r r i ng  low- 
s u l f u r  coal i s  l i m i t e d  as i s  t he  a p p l i c a b i l i t y  o f  coal bene f i c ia t i on .  Physical 
cleaning w i l l  remove most o f  t h e  i no rgan ic  s u l f u r ,  bu t  w i l l  leave behind 
organic s u l f u r .  Hot aqueous caus t i c  leaching and molten a l k a l i  desu l fu i za t i on  
can remove pa r t  o f  t h e  organic  s u l f u r ,  bu t  appear t o  be expensive. There i s  
also a p o t e n t i a l  r i s k  o f  l o s i n g  v o l a t i l e  and increas ing a l k a l i  l e v e l s  i n  the 
feed. 

Therefore, i n  the  near-term, s u l f u r  c o n t r o l  v i a  s u l f u r  re ta ined i n  re jec ted  
slag and sorbent capture du r ing  coal combustion represent important routes 
f o r  development. Coal b e n e f i c i a t i o n  and post combustion gas clean-up upstream 
of  the t u r b i n e  are a l t e r n a t i v e s  t o  i n - s i t u  s u l f u r  con t ro l  i n  t h e  combustor, 
although the cos t  e f fec t i veness  o f  these options i s  questionable. I n t roduc t i on  
of. l ime o r  do lomi te sorbent f o r  s u l f u r  capture w i l l  a lso impact on ash fus ion 
and depos i t i on  as w e l l  as on inherent  coal mineral "ge t te rs "  f o r  a l k a l i .  

TABLE 5 

Slag Retention Proper t ies 

I 
CWM Batch 

A C 

CWM Feed 
- 4 3 7 4 - r  

27 -80 
2.10 

14.10 
3.33 
0 .a2 
1.37 
0.72 
0.41 - 

28.38 
1.39 

13.71 
3.54 
0.47 
1.09 
0.54 
0.27 

% Removal(a) 

i n  ;:q 
71 
45 2.07 
68 11.6 
76 1 .86 
41 0.61 
54 0.91 
56 1.03 

0.31 

CWM Feed 

50 - 

32.6 
2.04 
11.6 
1.72 
0.70 
0.75 
1.07 
0.1 2 

% Removal(b) 
i n  Slag 

60 
75 
64 
65 
60 
74 
53 
67 
25 

94.05 95.91 99.49 99.30 1 
a Based on 70% s lag r e t e n t i o n  from Batch ' A '  CUM 
b Eased on 65% s lag  re ten t i on  from Batch ' C '  CWM 
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TABLE 6 

Comparison o f  Compositions between Deposited Material and Slag (a)  

Composition, wt .% Deposited Mater ia l  Slag 

51 .4 
29.5 
1.61 
12.0 
1.95 
0.66 
0.23 
0.98 
0.98 
0.31 
0.06 
0.04 
0.07 
0.13 
0.01 
0.05 
0.07 

52.3 
29.2 
1.53 
11.7 
1.79 
0.62 
0.22 
0.99 
0.96 
0.1 3 
0.07 
0.01 
0.07 
0.09 
0.01 
0.05 
0.1 9 

Soluble Salts, w t %  

0.014 0.010 
0.004 0.003 
0.01 2 0.01 2 

Na20 
K2 0 
so3 

j W eed 
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